Abstract-In this paper, we propose two power randomization schemes for the random beamforming (RBF) based MIMO systems in cellular downlink. In the proposed system, a BS randomizes not only the pre-coding matrix but also the power allocation matrix, while the conventional RBF system allocates an equal power to each transmit stream.
I. INTRODUCTION
Multiple-input multiple-output (MIMO) wireless communications can increase throughput in multiuser cellular systems by using multiple antennas in exchanging multiple users' data simultaneously [1] - [4] . The sum capacity of the MIMO broadcast channel (MIMO-BC) can be achieved by a dirty paper coding (DPC) scheme [1] , [5] . However, the DPC scheme requires complete channel state information and high complexity at the transmitter, which is difficult to implement in practice.
One approach to reduce feedback requirements is to use a random beamforming (RBF) scheme [6] . In the RBF scheme, the base station randomly selects a beam for transmission and uses it to send training sequences.
Users feedback their signal-to-noise ratio (SNR) values according to this beam pattern and the base station schedules a user with the highest SNR value (or uses another scheduling rule) for transmission. The performance of this RBF scheme is close to that the optimal beamforming strategy for a large number of users [6] . Since, the RBF scheme sends only one data stream, we do not take full advantage of MIMO-BC capacity gain. A possible approach is to use opportunistic space division multiple access (OSDMA) where the base station sends orthogonal beams [7] . In this case, each user reports the best beam and the signal-to-interference-plus-noise ratio (SINR) values to the base station. The base station then schedules transmissions to multiple users based on the received SINR values. In the conventional RBF techniques described above, random beams consist of orthonormal beams implemented by a unitary matrix. However, we can randomize not only beam patterns but also the allocated power levels of the beams.
Most previous results have considered a single receive antenna case at each mobile station. However, if a mobile station has multiple antennas for data reception, it can receive multiple data streams. The RBF scheme can also be applied in this case. In [8] , an RBF technique for MIMO systems was proposed to simultaneously obtain downlink multiuser diversity gain, spatial multiplexing gain, and array gain by feeding only effective SINR values back to the BS. However, the RBF scheme in [8] is operated in a time-division multiplexing (TDM) manner, which selects only one user for data stream and all spatial resources in downlink are assigned to the selected user. When we use a singular value decomposition (SVD) technique at the base station, we can allocate the spatial resources to different users at the same time.
In this paper, we propose two power randomization schemes for RBF based MIMO systems and we extend the power randomization schemes to a multi-user RBF system in which different beams can be allocated to different users. We use an SVD-based RBF scheme as a more generalized RBF scheme. The rest of paper is organized as follows. In Section II, we introduce a system model to analyze both the conventional RBF system and the proposed RBF system. In Section III, the performance of both systems is evaluated buy simulation. Finally, summary and conclusions are presented in Section IV.
II. PROPOSED POWER RANDOMIZATION SCHEME Based on this feedback information, the BS selects one MS to transmit data in the next transmission time. If the BS has M antennas and each MS has N antennas, the total number of transmit streams is equal to min{M, N}. The BS may select one MS that has the highest summation of the total ESNRs or the highest effective capacity estimated from the ESNR.
In this case, the received signal of the k-th MS can be written as:
where k H , x, and k z denotes the wireless channel gain of the k-th MS, the transmitted symbol vector at the BS, the complex gaussian noise vector with a covariance matrix of ( 0 N · I) at the k-th MS, respectively. After the channel estimation at the receiver and post-processing of SVD operation, the received vector k y can be written as:
where ˆk z has an identical statistical property with the given k z . We assume that the channel estimation is perfect. Fig. 1 . Block diagram of a conventional random beamforming system with equal-power allocation
Then, the ESNR of the i-th stream at the k-th MS is expressed as: and the allocated energy for transmitted symbol vector x, respectively. Therefore, the ESNR is affected by not only the thermal noise at the receiver but also the allocated power to the other streams. The effective capacity is obtained as:
The BS selects the user which has the maximum effective capacity computed by the ESNR.
At the low SNR values, Eq. (3) can be approximated as:
In this case, the ESNR reflects ¸2 , 
In this case, the ESNR does not reflect the ¸2 , k i λ values anymore and is affected by the other signature and the allocated power to the other streams. Hence, at the high SNR values, the wireless channel k H cannot be regarded as a parallel gaussian channel since the allocated power to each stream does affect the other streams.
Thus far, we have reviewed the conventional RBF system which has been considered as an effective MIMO downlink technique. However, this system did not consider the fact that we can randomize the allocated power allocation of each transmitted stream. We propose a power randomization scheme for the performance improvement of the conventional RBF schemes. Fig. 2 illustrates the proposed RBF system with power randomization scheme. In the proposed system, the BS generates not only a pseudo-random unitary matrix ( b V ) but also a pseudo-random diagonal matrix (power randomization matrix, b P ). If we use the proposed system at the transmitter, then the Eq. (3) can be rewritten as:
where i P represents the i-th diagonal element of the power randomization matrix b P . Fig. 2 . Block diagram of the proposed random beamforming system with power randomization scheme
We propose two power randomization schemes. We first propose a water-filling based power randomization scheme which jointly generates both a power randomization matrix and a unitary matrix generated from the original random matrix ( b H ). This scheme is called Scheme-I. The allocated power for each stream is computed based on the matrix ( b ∑ ). Therefore, this allocated power is optimal to the MS in which has the wireless channel of b H . This scheme is appropriate for the case of low SNR values since the power is allocated, assuming that the channel is parallelgaussian.
When the SNR values are high, scheme-I is not optimal because the ESNR is dominated by the interference from other streams instead of the thermal noise. The channel cannot be assumed to be parallel gaussian in this case. Hence, we propose another power randomization scheme in which the power allocation matrix ( b P ) is independently generated to the unitary matrix ( b V ) for high SNR values. This scheme is called Scheme-II. Through the proposed power randomization schemes, the variance of the resultant ESINR becomes large and the multiuser diversity gain also becomes increased.
The proposed systems can be easily extended to multiuser SVD technique in which each transmit stream is allocated to the different user. A BS randomly generates both a power allocation matrix and a unitary matrix, which is the same operation as the single user case.
However, a BS selects the MS that feeds back the highest ESINR for each stream, while one user with the highest effective capacity is selected in the single-user case. The multi-user SVD technique has more degrees of freedom and the multi-user SVD scheme is a generalized version of the single-user SVD technique. Fig. 3 shows the capacity of the proposed RBF system with power randomization schemes and the conventional RBF system when the number of antennas at both transmitter and receiver is four. We assume that there exist 100 users in a cell. As a whole, the proposed systems outperform the conventional RBF system which allocates the equal power to all streams. As noted in Section II, the scheme-I yields excellent performance at low SNR values. Since the scheme-I allocates almost equal power at high SNR values, the scheme-I and the conventional equal power scheme yield the nearly identical performance. On the other hand, the scheme-II yields the highest capacity at high SNR values. A performance crossover point in the single-user SVD technique occurs when the SNR is equal to 18dB. If the SNR value is lower than 18dB, the thermal noise at the receiver is more dominant than the interference (noiselimited) and, thus, the proposed scheme-I yields better performance than the proposed scheme-II. In addition, if the SNR is higher than 18dB, the interference is more dominant than the thermal noise (interference-limited) and, thus, the proposed scheme-II yields better performance than the proposed scheme-I. Hence, we can obtain the improved capacity if we switch the proposed scheme-I and the proposed scheme-II according to the SNR value. The performance of the multi-user SVD case shows similar tendency and is improved due to the increased degrees of freedom in scheduling policy, compared to the single-user SVD case. Fig. 3 . Capacity comparison between the proposed power randomization system and the conventional system for varying SNR values in the case of 4 X 4, 100 users in a cell Fig. 4 shows another example of the capacity of the proposed system and the conventional BF scheme when the number of antennas at both transmitter and receiver is three. The overall characteristics of the performance is similar to Fig. 3 . Note that, the performance cross-over point between the proposed schemes becomes higher because the noise-limited situation more frequently occur as the number of antennas at transmitter decreases. Fig. 4 . Capacity comparison between the proposed power randomization system and the conventional system for varying SNR values in the case of 3 X 3, 100 users in a cell
III. SIMULATION RESULTS

IV. CONCLUSIONS
We proposed two power randomization schemes for the random beamforming based MIMO systems in downlink. The proposed water-filling based power randomization scheme (Scheme-I) is proper in low SNR values, while the proposed random-power based randomization scheme (Scheme-II) is proper in high SNR values. The proposed schemes can be switched according to the given SNR values. However, the multi-user SVD scheme with the proposed power randomization schemes yields the larger capacity than the single-user SVD scheme.
